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Abstract

Three areas of SRF application underway or proposed at

Fermilab will bediscussedThe operation of the A0
Photoinjector using a TESLA cavitgfter the gun to
acceleratethe electron beam to 17 MeV halseen

ongoing for somemonths. A proposal ta@onstruct an
RF separateckaon beam usingransversedeflecting

modecavities hasbeendeveloped andR&D initiated.

Design study efforts on a neutrifiactory and the use
of low frequencycavities in therecirculating linac has
just been started.

1 OVERVIEW

Fermilab hasbecome aminor player inthe use and
design of superconducting RF cavities. Activitas in
three diverseareaswith rather differentspecifications
and time scales. 1) An electron injector identicathat
at TESLA TTF (TESLA Test Facility) of 17 MeV has
been assembledand is in operation with beam
characterizatiorstudiesunderway. 2)Design work is
underwayfor construction of3.9 GHz deflectingmode
cavities to beused to provide gure kaon beam for
experiments in the Fermilagxternal beam area. 3) A
design study of a 50 GeVnhuon storage ring is
underway. The ring would provide neutrino beams.
The potential benefit afuperconducting RF tprovide
acceleration inthe low energylinac and recirculating
linacs is being considered.

2 THE PHOTOINJECTOR

The first superconducting RRpplication at Fermilab
has been in the constructionand operation of an
electron photoinjector with the design parameters of the
TESLA TTF Injector 2 [1]. The injectoconsists of a
laser driven normal conducting 1.6 cell RF gun
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followed by a 9 celsuperconducting ESLA cavity, a
magneticchicane forbunch compressiorand various
beam line componentand diagnostics. The photo
injector produces a 16-17 MeV beam with bueblarge
of 1 to 10 nC andunch length of 2 mno before
compressionand expectechormalizedemittance 3 to
20 m mm mrad depending obunch chargeBunch
spacing is one microsemdpulse lengthcan be up to
800 microsec though typically 1 to 20 bunchesamed
during measurements. An identicajun and
superconducting cavity system is in operation at TTF.
Fig. 1 shows the injector layout.

Studies are underway [2] to investigate tifa@sverse
beam emittance alifferent beamline z locations as a
function of the variousparameters: charge, bunch
length, gun gradient, phase,and solenoid field.
Understanding, characterizingand ninimizing the
emittance at 1 nC is critical to the FEL operation at
TTF and can bebest done atFermilab where other
operationaldemands dmot conflict as much as in the
complex TTF.

The gun operates at 35 to 40 MV/m on ththode
to provide 4.5 MeV beam and the 9 cell cavity at 10-12
MV/m accelerating gradient.The 1.3 GHz RF peak
power used is about 2.5 MW for the gandlessthan
100 kW for the superconductingcavity, clearly
reflecting the differenttechnologies. The low level RF
system of a TESLAdesign [3] provides phase and
amplitude control of the gurand superconducting
cavity and aphase stable oscillatareference to the
laser.

The construction, commissioniragdoperation of
the photoinjector has given Fermilab itsitial
experiencewith superconductingavity technology as
well as lasers, higlgradient normal conducting RF,
high vacuum and particle-free assembly, and the
coordinated operation of the diverse systems.

MAGNET | C
CHICANE

'S T Ped
) T3] [

= TN e T
0l [y gl b

Figure 1: Elevation view of the photoinjector showing the gun, superconducting cavity and.chicane

#Operated by Universities Research Assoc under contviht the
U.S. Dept of Energy.

*E-mail: hedwards@fnal.gov



2.1 Superconducting Cavity Experience

The superconductingavity provided byDESY is one of
severalbuilt early on which had alow quench field
attributed to contamination ithe equator weldq4]. The
performance ofthe cavity has nobeen anissue in our
application. Thefact that it was not one of theery best
made it ideal for us to proceedwith gaining experience
with its installation and operation.

The cavity waprepared and measured RESY with
both vertical dewar andhorizontal "Chechia" cryostat.
After removal from Chechia special beam tube extensio
andgate valvesvere mounted to thédressed'cavity and
the assembly (under sligptessure)vas sent to Fermilab
in Sept. 1997 for assembly into its cryostat. Thepstat
itself is a copy of that fabricated at Orsay for TTF [5]. Th
connection of the beam tube vacuum assembly to t
cryostatend caps,and the final installation ofcryostat-
cavity assembly in the beam linwere performed in
portable cleanrooms.

In the beam line the cavityan be isolated bygate
valves external tdhe cryostat whichare in addition to

Operation sofar has been without major difficulty.
More running timefor beam characterizatiorwakefield
measurementand experiments in plasmaakefield and
channeling acceleration are planned.
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those mounted inside the cryostat. It wasnd that the Figure 2: Superconducting cavitperformance at DESY
internal valveswere very unpredictableand possibly and atFermilab after installation. Flat topduration 800
ventedthe cavity with (cleanroom)air, not filtered dry microsec.

nitrogen. These valvesare no longer operated. It was
necessary to removthe cryostatend after beam line
installation inorder torepairthe tunerandfix a cryo
hose. This work required that the cavity be vented twice.

The cavity iscooled by saturated.8K helium I
supplied from adewarsystem,heat exchanger, JT valve,
andpumped to 12orr [6]. Typical operation consists of
cooling down early inthe morning, operatingluring the
day andevening, then letting the systemhift up in
temperature overnight or weekend. An automatic
procedurehas been implementednd works effectively.
Many thermal cycles froml.8K to 50-70K have taken
place. Additionally thermal cycles to hightamperature
havehappened aumber of timesand room temperature
warmups with pumpout of evolving gas hasendone 4
times.

Measurements have been made of the calibration of
field gradient by measuring the forward power going to t
cavity andthe Qduring decay[7]. The probecalibration
does notagreevery well with the DESY calibration. The
probe Q, was calibrated at 1.5e10 at DESY and 2.2e10

Fermilab.

Cryogenic measuremertiavealso beencarriedout to
determinethe point of onset of high loss withradient.
The Fermilab measurements are compared with those
Chechia in Fig. 2 [6]. It would appearthat some
degradatiorhas occurredthough calibration ofyradient in
each case igrobably no better than 10%. Higheak
power processing has not yet been attempted.

Additional information on thgradientcalibration can
in principle be gained by measurements of théeam
energyfrom the gunand after the 9 cell cavity.These
results [7]indicate agreement betweéime RF gradient
calibrationandbeam energy measurements typically
5%.

3 THE KAON SEPARATED BEAM
CAVITIES

A high purity kaon beamline is being planned at Fermilab
[8, 9]. The key systenfor this beamline is two stations
of superconductingcavities operating in thdransverse
deflecting mode. The presenschedule calls for the
beamline to be operational i2006. Superconducting
cavities are required because of a beam duty cycle of 1 sec
beam time in a 3 sec cycle time.

The beamline concept is outlined in [9]. Thancept
is as follows. In asecondarybeam of mixedpions,
protons, and kaons the kaongan be "separated' from
other particle types of the samementum (in ourcase
22 GeV) by their relativetime of flight between two

lecting mode RFstations. With transverseoptics

tweenthe stations of +- | theleflection ofthe beam
particles emerging from theecond RF station will
depend onthe phase at which the particlesterthe first

tion, therelative phase of the tweatations, the RF
requency(f), thedistance betweethe stations (L), and
the speed of the particle) (relative to c. It is possible to
choose a particular fL product such that for a spegifia
“closed” beambump is produced sothat there is no
resultant deflection after the second statimalependent of
the particle arrival phase #te first RF stationParticles
of other velocities willarrive at a differentime at the
secondstation so the resultant bump will not biesed
andthey will have anet deflection dependenupon their
arrival phase relative tahe first station. If the RF
deflection takes placall in one plane (h or v), the result
will be that oneparticle speciesvill have no resultant
kick whereas others will be swept into a fan. For tiase
the purest kaon beam is obtained if the kaanegproduced
in a fanandthe unwantedprotons and pions are directed
straight ahead into a stopper plug.



Circularpolarized RF deflection islso possible(say 3.1 Provisional Cavity and System Parameters
by eachstation having horizontadnd vertical deflection
90 degreesut of phase)then one species again has n®arameters considered for the point desigraf8piven in
deflection and other speci@sll exit in a coneaboutthis Table 1. and the half cell geometry in Fig. 3. (See [10] for
central trajectory. The cone angle will dependent on the definition of transversenode parameters. ) The cavities
relative B of these other speciesiere the station to would be polarized bysing slightly ellipticaldies. The
station RFphase is chosen so kaoase undeflected and 13 cell cavity has an active length 2 m and at an
the protons-pionswould be stopped in eollimator with  equivalent operatinggradient of 5 M/m of deflection
a hole. would have aBpeak of 880 gauss, nofar below the

Because of the relatively short kaon lifetime ¢iverall TESLA cavity Bpeak of 1000 gauss at 25MV/m in the
beam lineand the distance between separatstations acceleratingnode. If 5 M//m gradient can beachieved
should be kept as short as possible. Tieguency- then of order 12 cavities would need to be installed.
separator distance produdt= 2cy4(®/2m) is chosen so
that protons arrive at the second stationater the pions
and kaons arrive with a phasedelay of about 172 (a
convenient result of kaon mass being about half that
the proton). For the 22 GeV beam fL is 330 GHz-m.

An RF cavity frequency of 3.8Hz (TM110, T mode)
has been chosen as the uplimit to be acceptable from
the point ofsurfaceresistivity, thermalconductivity and (0.00,0.00) ~.
experiencavith superconductingavities. Thisleads to a T -
station to statiordistance of 85 nfor a 22 GeV/c kaon

(47.19,0.00) —

(35.46,13.48)
(17.86,15.92)

(15.00,19.20)
(0.00,19.20)

beam. The overall beam line is abdutee times this _

length. The 3.9GHz frequency isalso easily compatible / N Lrsisio
with beam tests using the A0 photoinjectodits 1.3 \

GHz RF frequency. Alternatively, 3.25 GHz could used ~ R13.611

with 102m L. Of the order of 30 MV equivaletitansverse
deflection is needed total for both stations.

Other applications of similar transverse deflectimote
cavities are emerging, for instance splitting of linac
beams for multiple FEL stations.

Figure 3: Geometry of the separator half cell. Dimensions
in mm.

Conceptualdrawings ofthe cavity in a dewuntable
helium vesselnd of atwo cavity module are shown in

Table 1. Provisional parameters for transverse mode 3.9 GHz sepa- Fig. 4 and Fig. 5.
rator cavity system

frequency 3.9 GHz
mode m, TM110 \ o)
equator diameter 94 mm S|
iris diameter 30 mm
cell length 38.4 mm
cells per meter 26
?E”;nger cavity o hli el Figure 4: Conceptual drawing of the separator cavity in a
(/Q) 130 Ohnf;m demountable helium vessel
Virans @ 0.1 T 5.7 MV/m
Epea 22 MV/m
B peak 0.100 T
U (stored energy) 0.92 J/m
coupling factor 0.051
Gy = Q X Rgur 236 ohms
Reur @ 2K, T./T=4.6 1.04 x 1077Q
Q Q Ry 2.2 x 10°
Power dissipated @ 5.7MV /m, 2K 10 watts/m

System Requirements for 30 MV /m total kick
Total cryogenic power 48 watts @ 1.8K

115 watts @ 2K

Q1. (loaded Q) 6 x 107
RF power @ 5.7 MV /m 380 watts/m
RF power including factor 760 watts/m
of 2 for regulation
Total RF power 4 kilowatts

Figure 5: Cryostat module with two cavities.



3.2 Cavity Shape investigations The acceleratorconsists of: a protordriver, target
station, pion decay channahdbunch rotation, ionization
End cell geometry has been worked out to keegtiuator cooling of the muons at 190 MeV, a muon linac with
andiris diameters fixed bymaking asquashecktlliptical acceleration to IGeV, two stages ofecirculating linac,
rather than a circular contour at the equator curvature. andthe storage ringrientated at a dipngle out of the
The dispersiorurve of the provisional cavity shape, horizontal plane so as tdirect decayneutrinos at some
Fig. 3 showed rather amall frequency separation distant laboratory.
between thetandr-1 modes of 900 kHgdf/f = -2.3 e-4) Of interest here is the potential usesaperconducting
and led us to modifications in the cavity shapeaddition RF which could be used in the proton driver [12] tnatre
the small curvature of 3.31mm at the iris viasnd to be importantly in the muon linac and recirculatitigacs. As
difficult in the die drawingandwelding process. Contour the design study is only jusinderway parameterumbers
radii atthe iris and equator of(3.31, 13.6 mm)and of given here reflecionly initial input [13] to start apoint
(4.5, 12.0 mm)have been investigated falifferent iris design andhe author'sopinions, notofficial information
openings [11]. Fig. 6 shows tlispersion curve for the from the collaboration.
provisional shape, 15 mm R and for a 19mm R, with The design has 2.5e12 muons in a pulse length of 150
4.5 mm curvature. The 19 mriris has adfff of 6.5 e-4, NSec. Low frequency RF is necessary becaushedarge
however Bmax has increased 12#d (R/Q)’ decreased by beam emittance botlransverselyand longitudinally. A
a factor 0f0.67. Inadditionthe modes appear to go from frequency 0f200 MHz is chosen for theeference design
TM to TE as theband frequency is increasstiggesting andwould have 30 bunches @el0 per beam bunch or
coupling betweenthe M and E pass bandsBecause of 2.7 ampcurrent durlpghe pulse.  For someea;onablg
these results it haseendecided tokeepwith the 15 mm number of recirculation passes (3-5 each ring) in two rings

R.... and to investigate the 4.5 mm curvature there. of order 10-15 GV acceleration voltage could be r_equired.
ns g If one takes theparameters of aESLA cavity as
N — reference scaled to 0.2 GHz then an estimate of
s e — comparison of normaandsrf can be madeThe Q¢ of a
i e 1 normal conducting cavity would be ~70,000. I§=dient
g 7 e ] of 10 MV/m is assumed, the Qof the beanduring the
3 sss| ] pulse is 24,000. For mecirculatingtime of 3.3 microsec
o« 3s | T ] (1000 m circumferencering) the duty factor is .045
= st / ] leading to an average@f 5.3 e5andabout 0.8% of the
i ] cavity energy isextractedwith eachpulse crossingPeak
3': L ] RF power and fill time for the normabnducting case is
TT0 15 30 45 60 75 90 105 120 135 150 165 180 9.3 MW/m and 77microsec. Equivalently for the sase
Phase would bel.2 MW/m and 580 microsec. RFenergy per

Figure 6: Dispersiorcurve of the prototype shapéold pulsewould beabout the samand result in 12 KW/m
shape) and 15 mm iris radius and of a new shape with agh@®rage power at 15 Hz rep rate.

mm iris radius. The 15 mm iris radius will be used The case for srf must be made through a comparison of
the relative engineering difficulities of thevo cases and
3.3 Status the potentialgradient advantage dfie srf case. A ajor

difficulity for the normal conducting case may be they
A 5 cell Nb cavity hasbeen fabricated from 1/16” high peak powemeeded a?00 MHz where there is at
material. Bead pull measurements are underavaituning  Present only limited potential power sources.
about to start. A vertical dewar setup has been supplied bﬂ'h_e main difficulity is that &requency adow as 200
Cornell and vertical dewartests will becarriedout first MHz is unatractive for either normal euperconducting
with a 3 GHz (acc mode)Cornell cavity, then with the 5 Systemsandprobably will bevery expensive. Itwill be
cell 3.9 GHz cavity. interesting to see the design as it matures.

4 POTENTIAL OF SRF FOR MUON 5 ACKNOWLEDGEMENT
STORAGE RING

Special thanks to N Barov, L. Bellantoni, R. Carrigan, J.-
A design study of a muon storage ring- neutsiearce is P. Carneiro, M. Champion, E. Colby, Bdwards, M.
underway at Fermilab as part of the Neutrino Factory akRitch, S. Fritzler, A. Fry, W. Muranyi, J. Fuerst, W.
Muon Collider Collaboration. The study is éwaluate the Hartung, K. Koepke, M. Kuchnir, A. Melissinos, M.
technical feasibility and potential cost of a 68V muon McAshan, and R. Wanzenberg.
storage ringwith intensity of 2.5e12 muonper pulse.
Such adeviceshould be less technically challenging and
costly than a highenergy muon collider while still
confronting many of the issueand also providing an
exciting physics tool for long baseline neutrino
experiments.
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